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Preservation of a certain motoneurone group of the
sacral cord in amyotrophic lateral sclerosis:
its clinical significance
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SUMMARY Histopathological description of a special nerve cell group of the sacral spinal cord in
five cases of amyotrophic lateral sclerosis is presented. Remarkable preservation of this group of
neurones (the X group of Onuf) was noted in each case, and this is discussed with particular reference
to vesicorectal function, since it is well known that the function of bladder and rectal sphincters is
often intact until the latest stage of the illness.

In amyotrophic lateral sclerosis, a disease with wide-
spread involvement of striated muscles, the eye
muscles and the sphincter muscles of bladder and
rectum are characteristically spared until the latest
stage of the illness. Although this is one of the most
remarkable clinical characteristics of the disease, very
few pathological studies have been made to sub-
stantiate the finding. This paper describes patho-
anatomical findings in the spinal cord in five cases of
amyotrophic lateral sclerosis, paying particular
attention to the sacral cord.

Cases and methods

The spinal cord was examined in five necropsied
cases of amyotrophic lateral sclerosis. The Table
shows the age, sex, main clinical features, and dura-
tion of disease in each patient. All the cases showed
typical symptoms of lower motor neurone lesions.
The spinal cord was fixed in formalin and the sacral
part was cut into five segments and embedded in
paraffin. Each of the five segments was sectioned
serially at a thickness of 15 /um and stained with
Kluver-Barrera stain. Some sections were also
studied with H and E and Nissl stains.
The sacral spinal cords, were obtained from four

necropsied cases of comparable age and with no
neurological symptoms to act as controls. In both
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Table Details offive cases ofamyotrophic
lateral sclerosis

Case Age Sex Initialsymptoms Duration
(yr) ofdisease

(yr)

I KF 62 M Muscular atrophy of right 4
upper extremity

2 YK 49 F Muscular atrophy of right 9
upper extremity

3 NO 68 F Weakness of legs 1.5
4 YT 65 F Weakness and muscular 1.5

atrophy of legs
5 ST 63 M Muscular atrophy of upper 5

extremities

groups, sections of the cord at the cervical, thoracic,
and lumbar levels were stained similarly for
comparison.

Results

ANTERIOR HORNS OF THE SACRAL CORD
In the cases of amyotrophic lateral sclerosis, there was
a severe loss of large motoneurones in both medial
and lateral parts of the anterior horns. This was found
throughout the sacral segments of the cord, and also
at the other cord levels. A few scattered neurones
remained, but they never formed a distinct group
(Fig. 1). However, a cluster of very well-preserved
neurones was observed in the most medial portion of
the ventrolateral cell groups of the anterior horn.
This group was readily shown by the Kluver-Barrera
stain on account of its pale staining background
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Fig. S 1. Severe degeneration of the anterior horn

cells. (Amyotrophic lateral sclerosis, case 2.)

Kliiver-Barrera stain.

which was sharply demarcated from the surrounding

network of fine myelinated fibres (Fig. 2). Examina-

tion of serial sections revealed that this cell group was

confined within the second sacral segment between

the most rostral and the most caudal margins. The

neurones in this cell group were medium in size, their

nuclei usually being located in the centre of the cell

body. Their Nissl granules were densely and evenly

distributed throughout the cell body. The number of

neurones belonging to this cell group varied con-

siderably in each serial section, ranging from five to

15 with an average of 10 (Fig. 3a, b).

These findings in the second sacral segment were

verified in all cases of amyotrophic lateral sclerosis

which we examined; this cell group showed identical

findings in controls (Fig. 4a, b).
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INTERMEDIOLATERAL NUCLEUS OF THE SACRAL CORD

The intermediolateral nucleus was found from the
second to the fifth segment of the sacral cord in-
clusive. This nucleus consisted mainly of small
neurones and also of some medium-sized neurones.
The neurones in this nucleus were well-preserved in
both amyotrophic lateral sclerosis and in control
subjects, and were microscopically recognisable as a
distinct group (Fig. 5a, b).

Glial cells seemed to have increased somewhat in
the grey matter of one of the cases of amyotrophic
lateral sclerosis, but virtually no morphological
abnormalities were present in any of the neurones
within the nucleus.
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Fig. 4 Group X (arrow) is sharply demarcated by the
fine myelinatedfibres. Kluver-Barrera stain.
(a) Normal. (b) Amyotrophic lateral sclerosis (case 5).

POSTERIOR HORNS OF THE SACRAL CORD

No abnormalities were observed in the nerve cells of
posterior horns in amyotrophic lateral sclerosis.
There were no differences from the normal controls.

Discussion

Since Charcot and Joffroy described amyotrophic
lateral sclerosis in 1869, a number ofstudies have been
undertaken on this disease from various points of
view. These have proved that atrophy of the muscles
is secondary to the loss of neurones in the anterior
horns of the spinal cord; bulbar palsy is an outcome

Fig. 5 Nuci. intermediolateralis (arrow) shows normal
appearance, but the anterior horn cells have almost
disappeared. Kliuver-Barrera stain. (a) S 3 (amyotrophic
sclerosis, case 3) (b) S 4 (amyotrophic lateral sclerosis,
case 3).

of degeneration of the lower cranial motor neurones,
and exaggeration oftendon reflexes is in proportion to
degeneration of the pyramidal tracts. Thus, the cor-
relation between the main clinical features and the
pathological findings is considered to have been
established, and to be a part of classical knowledge in
neurology.
However, previous pathological research has

failed to account for the fact that vesicorectal dis-
turbance does not occur until the last stage of the
disease. To maintain normal vesicorectal function,
both internal and external sphincter muscles have to
function properly. The innervation of the urinary
bladder consists of sympathetic, parasympathetic,
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and somatic components. The efferent parasym-
pathetic fibres, arising from the second to the fourth
sacral segments of the spinal cord, innervate the
detrusor muscle and the sphincter vesicae (internal
sphincter). The sympathetic fibres are also distributed
to the detrusor and the sphincter vesicae, but normal
micturition is controlled exclusively by the para-
sympathetic nervous system. The sphincter urethrae
(external sphincter), a somatic striated muscle, is in-
nervated by the pudendal nerve (S2-4) (Warwick and
Williams, 1973).
On the other hand, the internal anal sphincter

receives its sympathetic innervation from the fifth
lumbar segment and its parasympathetic innervation
from the first, second, and third sacral segments. The
external anal sphincter receives only somatic puden-
dal innervation (Schuster, 1968).
Okinaka (1932) pointed out that, in amyotrophic

lateral sclerosis, the nerve cells of the autonomic
nervous system in the intermediolateral column at the
thoracic level, and in the intermediolateral nucleus at
the sacral level, remain unaffected. On the other hand,
the classical pathological investigations on the
disease, such as those ofHolmes (1909), Bertrand and
van Bogaert (1925), and Marburg (1936), stated that
the anterior horn cells ofthe sacral cord were as highly
involved as those at the other levels of the spinal cord.
In the recent reports by Lawyer and Netsky (1953),
Brownell et al. (1970), and Castaigne et al. (1972),
pathological findings of the sacral cord of amyo-
trophic lateral sclerosis were similar to the previous
reports.

Cell groups which innervate various muscles in the
lower limbs are known to be located in the anterior
horns of the sacral cord. The motoneurones inner-
vating the external sphincters of bladder and rectum
supposedly exist somewhere at this level. However,
there have been no detailed descriptions of the sacral
cord in amyotrophic lateral sclerosis as described in
this paper. Except for the second sacral segment, the
findings in the present study are in complete agree-
ment with the previous reports, and the changes in the
anterior horn were equally marked.

In the anterior horns of the second sacral segment
of amyotrophic lateral sclerosis, a group ofnerve cells
which is well-preserved and quite indistinguishable
from those in the normal controls persisted. In cross-
section, this group of nerve cells is located in the
margin of the anterior horn between the ventro-
lateral and the ventromedial cell groups. Judging
from the microsconic appearances, each of these
neurones is a motor neurone. The next logical
question concerns the anatomical and physiological
significance of this cell group.

According to the literature on the cytoarchitecture
of the spinal cord, Onuf (Onufrowicz) (1899) first

pointed out that there was a particular cell group in
the human sacral cord. He studied the cytoarchitec-
ture of the human sacral cord in serial transverse
sections, and found a special cell group in the anterior
horn of the second sacral segment. He distinguished
this cell group from the other cell groups of the
anterior horn and named it group X. In the next year,
1900, he published a more detailed paper on this cell
group. He pointed out that nerve cells in this group
were small in comparison with those in the antero-
lateral group of the more rostral segments; they were
rather plump, and typically polygonal. According to
his description, group X is a specific formation at the
level of the second sacral segment, but might some-
times extend from the inferior part of the first sacral
segment to the upper part of the third sacral segment.
He made no reference to the staining method, but
Nissl stain seems to have been employed, judging
from the figures in his paper (Fig. 6). As he did not
use other staining methods, various features of group
X remain uncertain. Few studies have been done
since Onuf's description. Bertrand and van Bogaert
(1923) commented on the extension of group X and
the nature of the nerve cells of this group using Nissl
stain. In a review of the anatomy of the spinal cord,
Bok (1928) quoted Onuf's description, but he thought
that group X probably corresponded with nucleus
myoleioticus medialis.

Laruelle (1937) studied the cytoarchitecture of the
spinal cord cut longitudinally and stained with silver
impregnation and gave a full account of the character-
istics of group X. According to his descriptions, this
group extended from the most caudal part of the first
sacral segment to the third sacral segment with the
appearance of spun yarn, and consisted of two
different types of nerve cells, a motoneurone type and
an autonomic neurone type, with their axons directed
toward the anterior roots. Ogawa (1951) studied this
cell group with Pal-Weigert stain, and mentioned that
it was well-demarcated and appeared somewhat
bright with this stain.
The cell group in the anterior horn of the second

sacral segment of cases of amyotrophic lateral
sclerosis, then, completely coincides with Onuf's
group X in its cross-sectional position, craniocaudal
extension, and neuronal characteristics. As pointed
out previously, this cell group stood out clearly from
its surroundings which were demarcated from the fine
myelinated fibres by Kluver-Barrera stain. These
characteristics correspond closely to Ogawa's des-
cription, made mostly from myelin stained prepara-
tions (Fig. 7a, b).
What is the function of group X? Onuf (1900) at

first supposed that the group, distinguished from
other neuronal groups in the anterior horn by the
smaller size of its cells, might be a centre for the
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Fig. 7 Group X (arrow) stands out clearly from its surroundings with Kliiver-Barrera stain, but this feature is not seen

with Nissl stain. (a) Kliiver-Barrera stain. (b) Nissl stain.
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vesical and rectal sphincters. But this was thought to
contradict clinical experience at that time regarding
the location of the sphincter centre. He finally con-

cluded that group X might have a certain special
function on account of its circumscribed character.
He speculated that it might be a centre for some of the
striated muscles that coordinated the acts of erection
and ejaculation, such as the ischiocavernosus or

erector clitoridis, and the bulbocavernosus or

sphincter vaginae muscles. On the probable function
of this group, Laruelle (1937) pointed out three
possibilities: (1) the centre for the striated muscles of
pelvic organs; (2) the centre for parasympathetic
fibres, and (3) the centre for coordination between
striated and smooth muscles, which was required in
complicated actions such as micturition, defaecation,
and ejaculation. Of these possibilities, the centre for
parasympathetic fibres does not seem possible
because, in a previous study by Schnitzlein et al.,
(1963), the sacral parasympathetic nucleus was found
to be confined within the intermediolateral region of
the sacral cord. Recently, a new operation to restore
the function of the paralysed bladder in paraplegics
has been developed, by implantation of an electrode
in the region near the first and second sacral segments.
The residual function of the bladder was restored
(Nashold et al., 1972). This seems significant in con-

sidering the anatomical distribution of the nerves
which innervate the sphincter muscles in humans.
Furthermore, electromyography of the external anal
sphincter muscle in cases with amyotrophic lateral
sclerosis revealed that its motor unit action potential
was completely normal (Sakuta et al., 1976).
The physiological and anatomical significance of

group X cells in the sacral cord remains to be eluci-
dated by further studies. However, the facts that the
group X is well-preserved and vesicorectal functions
remain intact until the late stage of amyotrophic
lateral sclerosis strongly suggest that the moto-
neurones in Onuf's cell group X of the second sacral
segment are those innervating the external sphincters
of the anus and bladder.

We would particularly like to thank Dr P. W. Nathan
and Dr S. M. Chou for their excellent advice and
gracious help in preparing this manuscript.
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